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£E 2^ e£H d[^m 0\^^ iil 

£ 7g £ 62j C^n^Oil a^Qi gSH A^A|£. 

11. §2x11 12. 

13. A^lE•j^^lolE^ u. ag^ 

15. 2AH£I ^MXH 16. 

17. 18. S5H^ 



W: ne.^^ 2iti% e^^sxiHj SAHdi ^MXHoii ^^^^ xfA^|5^:>^Ife e^oj ^^¥d\ i^^i m 

Xl^ ^0121 43&2toj^g^xH^ ^MXH« ^gShO^ g.^d|{^ih A^g 

mo\ii ^ ¥:his saioii :?^^2J «^Jle^ ^it^m e^ssxig ^t.^ 

2^2XI(l^.f4m;tii.fuel cell)^^ 23^^ 2J5H Sf^^ OilUX|« OIIUXI^ at^6f 

^ SXI^AH. A^^F -^^SieigM OlSefQfe §011 S^CHAH^ SSHI ^^^2XI2f e^mu. lhoiiah 

sx! ^mm £f^^sxi2F^ ^^g^ol 2^^°^ si^^^eh s^£|^ah m^ms 3^ 

CHS^oj 51^^ 1839t^ W.R.n^H^h H9}°} ^9.^ ^^^51 - 6^^2^2 XPF 

ai^LK ^^61 ^ = S 5!B 1959t^ 5kWO| ^^-^^ ^^^J\J\ F .T. tHl 01 ?J Oil °loH 

■-^gS^AH^EIOIDI. 3 ^ eO^CH^EI ZO^CHOil Ol^a-i x-ilDIU §^ O^M^ ^^i^fjSj 2S£iX|:?^ 

n, ota-itf o^^axiMB e¥ ^^^^ai sshi^ oisa^n 4-^2^ {^±m ^mm^ K\m 

3 ^ 4^^£iaii£ oii&holu ai^:'hr^^ J\m e^su oii&M. alHd^5^ ^^^21 <^^m h\^o\^ 

^XH ^Fg,^ ^glFOII Jm^ X-iflAIID] ^^SXI^AH 01^ UTA^S m^9.^ o\0\ ei<i^ S5H^ 

^g^xn^ si^cH. 01 s^axi^ i^HiAiEJ 4^:4^8 ^^^^^ 4^:4^ ^ 

HI Ah>.g oig§v 4^^-g::?i o^^sxjoicK 

^ai. oiiuxi xi-^oi ^diudi-oj 3^ 2^2X1 ::'i^ :>h^^sj gQ^s ej^^^a^oi ^:?F£| ch^-ii oii 

UXj ^H^^ AfS A^S(^S G-7 Project)^ ea^OI 2^2X1 ^0\m g§ Xjg! A^So^ <y 

S^2X|2| g>^^Il^ g^OilA^ ^OiU^ £fSB O^dH ofgAiif ^^CL 



A' / 

^ : H 
2(g) - 2H 

' + 2e 
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(1) 

m ^ : 1/2 02(0) + 2H + 2e" HzOC £ ) (2) 

m^^m^ : h2(q) + 1/2 02(g) - H20( £ ) 



^n\9\ m%'^mo\\k\ ^CHXI^ ilCH OIIUXI^ Gibbs Xh^OilUIl Ssl2J AG£f 9Ji9.0\, Glbbs- 

HelmholtzHI ^^§^ AG=AH - TAS Oil 2\mQ, 01 <i^OilAH AHfe 2!] gni (Enthalpy) AS^ 

0(1 e^Hl (Entropy) ^sf. ^I:HS£(K)0|DL 

25-0, i::*!^^ mOllAH :?f>i2f D\:^D\ ^mo[0\ mO\ m9\ Gibbs Xf^OHLiXI 

AG2g8-Kfe -237.19 kJ/molOIOI. 0^:?IOilAH AGggs- k:?F e°l UEHH^ y§:?ii^¥£H 01IUX|:?h «^ 

^2X121 01^^ S^^OI 0.85 mV/K bj>OfXI>il £lfe UK 01^ ^^g^i g2J ^^^^^ oi 

§^ 3joia. niHM 80'coiiAH£j oie^sj s^fe 1.18v:?^ 

HEill. 52j oFOilAH H2/O2 Afgl^ [Qj 3X12] 01^ s.m^ 83%§£^AH. 0|^ S£H^ 

3^^L_(Carnot)^ ^:'I^K}il bl6F0^ OH^ 510ICN. OlEiEf SgOl ^le^j ^SOICK 

^x\^ ^^£ju. sxisj mm e oiEH :'hxi oiagoi 2iOi uia 

3diu. biae^ sxife s^u£i xi^^^ ^F^^^og ^^£ioi ^ m^o\ omii^t 
^m, x\mm a[eb[d\ [eh^oii ^mis} D\smD\ oim^iq. ^mj\ ^gn ¥>i?-i cHSSfoii ^ 

1,^6^X1 a^oQ^ 2^aX|o| 4=S0II Qlxl^ X-IS ^2^01 =^01 ^SE2| 21^^ XHS^iI^F ^ 

XI ^^01 xH6f£]^ e2] ^x-ji::?^ $iCH 2X1 ^^01 Q^Ei^ 2X101! ^m^^ =?^o\c\. 

m^\M, ^^-^B 0|^^£| Qlgi^ 2^2XIS XII^^SF^ ^§1} mi?! ^oHAH^ oj^^ X1S ^ 

SXI^ aiH ^^(ribbed substrate type)2f SIM ^^(ribbed separator type)2| 

£1^ Ji^^m ^^fe E[ soil xH^oi ^ :>H2i ag^ 3Fe&(ag^ d^olM^f^LO:^l^ n Ami 

Oil X\m^ 3^^e0| DWlW^ll D\± XH^OI &^□^0I 2^ XIXIXl|£j ^^^M S^fe 

^AH. di^ 2X1^ ^011 oJ{i^ xHsol :'h^sn2, n x-is ^^oi ^^-mu D[d^ 

dIH s.^ soil D[t^ xmO\ :)\S^ ¥ DW9^ qs^ 3\^^yi}\ n afoioii g.^g xl^ 

^ ^aieOI JWTMSilL D[± XH^OI ^01 Dh^SIQ ^5^AH, dIM ^ai&§ =P- 

5 2X1^ c^s^ ^ s:ii^ o^^oii xHSOl D[^mo\ n xis ^^oi oh^ ^^mn xh^oi 
s^snf gmoi D\± ssB goimu g:?i^ ^ as^ ^^^s^oii i.^^^ qj^^lv cmgoii ol<i^2j s^^oi 

^:>1l ^^^^^ ^ 910] SXI a^OI ^^OiXIfe 301 9JiQ. 

mti x-ii^oiu 2i<:l^2| gi^oii 2\mo\ 2x121 ^^oi i:^:^: x^6^a^w, qs^ ^^21 ^^^h :;|^(^ 

^'^J\ lOIXm 2::'l2EE2f ^2SE£ ^Al dias^ ^^0|| dimOl P4i ^^0^XI^ &SOIIE g:?m 

SAiz} ^201 cHSi*^ 2x1011^ 2^t^ u[9\ ^^01 as^ ^521 ^goi dfi^^'ofCK 

g£H Q^g^ e^l 2XI2J =?^m ^'m^^, £ 1011 SAIS d^£f ^^01 ^e^X^l(11A)-S2X^I(12A)-A-|| 

maio!Ei(i3A)-eAHai ^MXH(i5A){as^ ^[^(^4^)}-D\±^(^6P^){%^^{^7^)-Emm{^8)}-D\^^{^6Q){ 

2 5H^(18)-M^(l7B)}-SAHdl ^MXH(15B){ag^ 

§^:i^EK14B)}-A^|^l^Ell0lE^(13B)~s2x^l(12B)-l^x^^(l1B)2J ^e£i^ ^^oia. 

£ 12J (u)^¥Ei ^ 91^01 ag^ ^\^^H^4){u[o\m^^\ e)^ xi^^ hah£i ^mxh(i5)2| m^oii 

4^^'2ill 2^(17)Ilf 2aHg(18)B Ell^g D[±^()d)2\ Ul¥0ll tEHSOII ^^'S ^^EHOIIAH Cfg 

^ ^^^5.^11^ 2^ * 2oH^^ 21^^ t#£|X| Si^fe ^^EH^ 

^Oj2j g£H B^I2XI ^iOII 9JiO\M, HAHdl ^MXf](15)^ All EH 511 01 El ( 13) 2f :)[:^^{^5) A[0\m 

^XIo^^AH 3hge(14) SAHdl ¥gg ^gafl?! ?|5f0i £ 22f2f ^^01 U! 

^^£i:n. ^gXH ^^^21 0|gAH(151)fe nHO|>ie(paste)M AfgSfOj S^^m^ dK 01 01 

eAHdsDS S6^01 4= 910. 

SAHdl ^MXH2| OIMAHM mmO\ D\^2Ji ::>^^^0I £1^ OieAH2| gS^XH 

^ Mg£ife ^3 iiHoi^ie:?^ ^281 xi^miHi si^m ^xnai axi a?m:»i iiheoick 

^. ^2 fflioi^^s xigoiTii °}mo\ ¥i§[ 1)^2] ^xHdPF ^^^5^oi ^2 fflioi^^2j ::>i 

mO\X\7\\ go^Mi. B?l e^S2XlS ^SQ gEH2| >::i«(stack)H^ ^^6[^ 5f§0ilAH M 

:l^El6^:Hl ^^^a^ §^oii 2\mo\ o\m^D\ ^^sjo^ m^soi soicl 

cchafAH. :?^::^2i ^^xispi mo[o\ £ 3iif ^^01 A[^'m d^^mm ^[sm o\mm gi^ mn\m sah 
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iispi >i^^. e>§£ic>i m^axi s^o^ah J\t^s\ ^mm ^ ass ei 



^ iie^ai B^ej qs§^^ lhii^ 2^219 oimxh sehsj sahsi 

Ul SOI S¥ SS^^ ^^EHOICK 

^^^1 4^H£J ^MVXH^ ^ ^M¥XH^ B¥::'^ AH^ ^ * ^ 2^301 eSOl §^£1^ A^M lEHS 01 
¥1}. OICCH SS£I^ £AHai ^MXH gS£| LHSOil d^0IMa^5^o! ^f^&Sl LI! EfS SAH 

ai¥:'^ ^'sfa^ ^^eh^ ^^ej^ck oiih. musi g^xHe ^sm^ 49H2| ^m¥xh^ h.^ ^M¥XH2i e 

^, si.uHM A^ga^xi ?s^o^£ ^01X1X1 ^m^^ ^^^'Oii d\^^ ^soi 910. 
mm.^\m k\^^ ^ nohoj u^e^^^h ^aioiim SEAiam si^ sse o^^H°l ^soii 

E 5011 ^^SXIS ^^a^^ ass 3\B^^ ^gXH&fg ^j^\b\ ^6H£S £Aim^ 

CK 

EAIE! ^^01. ^ Ho^e ^S6^^ ^MXH(3)^ ^^SXIi.^ e.^ 21^J\ A^gSJDI. ^'gXH 

gS(31)0il ass &^:^&.K32)0i ^•'^£1^ ^^^AH. ^ ^MXH^ aSS &^5^(32) ^ 2^ 

B¥0]iA-| a^ B¥M D\^J\^^ §S£iOI 2"^ 0I§ S^oj Af2| QS¥(32A)°I 

9\ ^mO\ ^%m^ SS¥(3B'):JF ^M¥XH(3B) 0\mm fiM¥£ § 

S£1XI ^Se^ Ol¥0]^ S# ^•M¥XH(3A) ^S^D. 

(I^a^A^. b^ b^sxioii^ qs¥(3B')::>^ §s8 fis ^M¥xh Aom Q.m^D\ ^saxi 
^g¥XH 4:)H H¥ 8::'H5j ^S5Mi Qa. 

s:?l2^ ^^01 :?S£!^ afu°i ^MXH::'h ass sehs Mei sses £ m\ SAims 
a. 

EAI^i bl^£^ ^^01, Q.m ^g¥XH^ fia¥{3B')^ aSS fiS¥(32A)2F ^xiaF£^ §S£I 

^'gXHS ^Sah^ ^M¥XH(3A)(3B)2| :?l^5io^ z[ mgjH c^^oii §EH^ § 

ss ^i¥(4i)aii siaFoi oi^cH^ia. 

^§¥xh(3a)(3b)2| s^ B¥aii e^^^ gEH2i sas(4iA)oi. ae H-^ 01 

eEJg(41A)01l 4- 2i£^ ISSj ^i,^ e::'l(41B):)^ ^g¥xj|Si &¥011 ^xll^ §S£II2. 01 

mD\{AmV\ fi^'S(41A)0il 4^^go^Mi ^i.^@a. 

3£II1. S^l ^i.^ e:?l(41B)^. ^i,^£i^ El^ ^g¥XH£^°l 2J¥ S ^B (41D)£^¥ £i ^g¥XH^ S 

^ ^m^^ ^gxH ^^a eg :?^xiBA-i ^'x^i^ ts@ b^¥(4ie)^ e¥0]) ^x^i^ 
ssacw. oitm mm m^\{A^^)9\ ¥xh^ ^i^^ai ^asxi a^£^ 2g¥(4iE)^ ^^a 

§S£IOjO^ e[a. e HB ^A|Oil£i S^Oil^ ^t,^ M:'l(41B)£f fi&'S(41A)0| 'T'XHEI ^SH^ 
lS£l2ia. 

asuH. ^MXH2J ^§,^011 2^oi Mm ^m s^b^ ^eh::'^ ofud^ ^ s\9\ 



JlE^Si MM 

o^Mi ^ee s^f^jo^ ^^6Ha^:>^l an. oia-iei s^ifoii ^b iHioi:^M2f ^'g s^^x-ipf 
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CH5HX^ D[^2] ^mO\ >l°l £^^5l ^^Xlg^^Mi D ^2} B^l SUM HAHdl ^gXH2J E^^ giOl 

§^i>^ 1 

^g^XH(3B)2F ^MVXH(3A):?^ IHCHS 5ij£ICH eSSi AF^^IM 01^:2. OICCH fig 

^§¥XH(3B)u ^§¥XH(3A)^ (>j]= ^^oiife if^iQ §EH2j 1 (41B)::'^ ^xll^ 

eAioil E^^oii^ mm m:f\m mmo\^ m^'^ ^ehsj Q^m(4iA)oi ^digo] o\m mm mD\^ 

fi^M LH ^^^'011 216^01 ^M¥AHM(3A)(3B) I2S0I OI^CHSM S^SXIS 

S^E^ 2 

l]\ ]mO\\ 910\A-\, ^i.^ ^:'I(41B)^. ^g^XH£^Hi £l¥ S ^ 2 (41D) ^ ^^El 

Oil ^x^l^ g^a:i2 ^i,^ m^\{4^B)2\ ^ms\ mm-A\ ^aiaxi d^'^m mD\ 2g¥(4iE)°j ^ 

s^s 3 

xii 2i>^oii siQiAH. mm m::'I(4ib)^ 'j'xim^m ms9.^ a^^ s^i ^t^ ^^21 2J<:l^s 

S^i,^ 4 

X1I mow SiCHAH, 2t ^MXH(3)a 4DW2\ ^M¥XH(3A)(3B)fe H m^0\ A^2|§ 

°j aKbar)g.'g m^9.^ oi^^s fi^s mm =^^9\ SAHdi ^mxh. 

S^S 5 

X^l li^Oil SiCHAH. ^^XH{3)M ^^6f^ 4:H2| ^g¥XH(3A)(3B) gOilAH 2^2] Q.m 

^M¥XH(3B)2] m^^m ^^Oil^ H SHI ^^^§o^ 3^^oj ^^A, S^2f HD\2\ ^^%^0\ ^ 

xim^ Q.m^(3B')j[ m^mm ^s^m e^ssxig Q.mm mm =?^s\ sah 

ai ^gxH. 

6 

Xil 1S01I 910iA-\, fiS ^^¥XH{3B)£f S# ^M¥XH(3A)H| lE^AI S^^Oilfe Wi\0\^^D[ 

a^^ oi<^l^g e^^sxig ^i.^ ^^ssi 3\b sahei ^^xh. 

S^S 7 

Xil 1S0il SiCHAH. i^^I^I eAHdl ^MXH(3)^ xlg^ 5hS gjg ^S^^ 21^m ^SSXIg 
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